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CERTAIN EFFECTS THE SALTS THE HEAVY 
‘METALS THE FERTILIZATION REAC- 
TION ARBACIA PUNCTULATA. 

LEIGH HOADLEY, 


Tue LABORATORY, UNIVERSITY CHICAGO. 


INTRODUCTION. 


the suggestion Prof. Lillie the spring 1921, 
began, the following summer, study the effects the 
heavy metals the fertilization reaction Arbacia punctulata. 
desire here express appreciation for his many helpful 
suggestions and his aid the interpretation the results. 

Lillie found that copper salts completely prevent the 
elevation fertilization membranes Arbacia even such 
great dilution 500,000, though the concentration copper 
chloride required for the suppression cleavage 62,500. 
the purpose the present set tests establish the effects 
series metallic salt solutions the fertilization reaction 
and this means throw more light the initial events 
this reaction. The work was done during the summers 
and 1922 the Marine Biological Laboratory Woods 
Hole, Massachusetts. 

The experiments brought out very clearly that there 
sharp distinction between the initial and the events 
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the fertilization reaction. soon the initial part the 
reaction completed, soon the membrane has raised, 
the metallic concentration which has formerly been inhibitory 
its action ceases wholly effective and some the eggs may 
develop far the motile free-swimming forms the solution. 
the following pages, such concentration, which inhibits the 
elevation membranes, when eggs are inseminated it, will 
termed Such inhibition membrane 
elevation complete. If, however, the concentration the 
salt greatly increased, concentration may reached 
which cleavage turn completely inhibited, but here again, 
the time factor important. For example, given concen- 
tration toxic cleavage for set eggs transferred five 
minutes after insemination normal sea water, said 
may allow per cent. per cent. 
cleavage eggs are transferred minutes after such 
insemination, even per cent. they are transferred after 
30-minute interval. such case, second cleavage will 
completely inhibited. When cleavage used criterion 
toxicity, the period exposure the solution will vary ac- 
cording the length time elapsing between insemination 
and transfer. If, when eggs are transferred the solution 
five minutes after insemination, first cleavage inhibited, then 
follows that eggs transferred later time will not perform 
second cleavage, though they may cleave once. 

McGuigan Euler and Swanberg Olsson 
and others have investigated the effects the salts certain 
the heavy metals enzyme action. Mathews ('04), working 
with Fundulus, compares the physiological action the heavy 
metals with their solution tensions. was with the same idea 
that McGuigan worked the ferments. found that, 
generally speaking, low solution tension was indicative great 
toxicity. There were, however, certain exceptions the series. 
Euler and Swanberg attribute the poisonous effect the salts 
their property binding certain groups the enzyme mole- 
cule and thus making ineffective. 

the ferment experiments just cited well the experi- 
ments made Mathews Fundulus, the experiments allowed 


FERTILIZATION REACTION ARBACIA PUNCTULATA. 257 


the use distilled water the solutions, and consequence, 
the dissociation the salts could accurately measured and 
precipitation did not trouble the investigators. the work 
with Arbacia, the other hand, was necessary use sea- 
water for all the final solutions though the stock solutions 
were made distilled water. The composition the sea-water 
such nature that many cases there precipitation 
and case could the ionization the salt accurately 
determined. The sea-water, comes from the tap the 
laboratory, has p.H. 8.0 and may say here, that case 
did the concentration the metallic salt necessary inhibit 
membrane formation have p.H. below 7.0. some the 
solutions there was visible precipitate, was most evident 
the cases Zinc, Lanthanum, and Lead. such solutions, 
the balance the salts must disturbed. Thus, the case 
the alkaline earth metals, and silver, tin, manganese, chromium, 
and iron, the precipitate was heavy that after few preliminary 
experiments, their use was abandoned. The precipitation 
zinc, lanthanum, and lead was not great enough hide the 
effect the salts the elevation the membranes but when 
the concentration was increased for the investigation cleavage- 
toxicity, the precipitation was heavy that was deemed 
unwise try determine that point for them. 

When the series was completed, was found that the work 
included tests made with the following metals: Gold, copper, 
zinc, lanthanum, aluminum, platinum, lead, nickel, cadmium, 
cobalt, and mercury. The results the experiments show 
similar behav the metals, save mercury, and those described 
Lillie for the chloride copper. The inhibiting concen- 
tration varies for the different metals. 

The behavior mercuric salts peculiar and unexplainable 
present. Its solutions seem favor membrane elevation 
concentration which the sperm are immediately paralyzed, 
while much greater dilution, cleavage completely 
This will treated more detail the following pages. 

Rhubidium and cesium were found indifferent the 
isotonic concentration and will not treated further. 
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II. NORMAL FERTILIZATION REACTION 


Arbacia Punctulata. 


order understand the later discussion, will wise 
here summarize the phenomena the normal fertilization 
reaction Arbacia. These were described great detail 
Lillie though some the events had been incompletely 
described von Dungern Fol described the pene- 
tration the spermatozoén and the elevation the fertilization 
membrane classical monograph. 

Before the comes into contact with the egg 
itself activated and directed toward the egg described 
Lillie The egg, from the time rupture the germinal 
vesicle the time fertilization, or, when fertilization 
barred, the time cytolysis, produces iso-agglutinin 
(Lillie fertilizin (Lillie which produces reversible 
agglutination the spermatozoa the egg. Between the time 
the agglutination the spermatozoa the egg and the 
beginning the fertilization reaction, there latent period 
which very short but variable Arbacia. This followed 
very rapid initial reaction which produces sterilization the 
egg against other spermatozoa, described Just 
wave The penetration the 
occurs immediately, followed the elevation the membrane. 
given lot fresh eggs, the time elapsing before membrane 
elevation very variable. 19.5° some eggs appear with 
membranes fully formed from seconds while others 
require much longer. Elevation the membrane too rapid 
for observation Arbacia and seems probable that the variable 
due the latent period. With stale gametes the process may 
extend over five minutes more and often accompanied 
polyspermy. 

III. 


The experiments described the following pages are very 
simple. Eggs were removed from good ripe females making 
circumferential cut around the animal and removing the 
gonads intact about 150 c.c. sea water finger bowl. 
The ovaries were then cut number times and the ova allowed 
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stream forth. about five minutes, the suspension was 
strained through cheese cloth remove the pieces the ovaries. 
The eggs were then allowed settle. When they had settled, 
the supernatant liquid was poured off and the dish again filled 
with fresh sea water. This process was repeated three times 
that all traces the coelomic fluid and the tissue juices were 
practically eliminated. Eggs were not used unless the normally 
fertilized control showed above per cent. membrane formation 
and good viability through the first cleavage. 

Males were cut the same way and placed Syracuse 
glass with the genital pores down. The sperni flows from the 
pores creamy mass, which, when mixed with sea water 
the proportion one drop dry sperm c.c. sea water 
gives grayish, opalescent suspension which described this 
paper sperm suspension. One drop this mixture 
when added one drop eggs 7.5 c.c. sea water gives 
100 per cent. membrane formation with polyspermy and such 

Concentrated stock solutions were made percentage 
metallic salt distilled water means the volumetric flask. 
The solutions used the experiments were made the 
addition the stock solution sea water. Care was taken 
with those metals which required high concentrations, that the 
proportion sea water and stock solution the mixture used 
should not alter the osmotic pressure any appreciable extent. 
Solutions were not used for more than five days save the case 
AuCl; and PtCl, where the rarity the metal demanded the 
use the one solution. 

When insemination spoken immediate, made 
the solution itself, 7.5 c.c. the solution was put into 
watch crystal and one drop eggs and one drop sperm 
suspension added opposite sides the dish. The dish was 
immediately rotated insure thorough mixing the gametes. 
the viability tests, the eggs were normally inseminated 
sea water and one drop these was then added 7.5 c.c. 
the solution. The dish was then rotated stated for the 
immediate inseminations. 

number comparative tests were made which, owing 
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the size the experiment set up, was necessary use the eggs 
number females. Unless stated, each experiment was 
made with the eggs and the sperm but one pair individuals. 


IV. 


have chosen deal with the experimental section this 
paper three parts. the first will take some detail 
the behavior each solution which used. have taken the 
metals the order decreasing toxicity. will noted 
that Mercuric chloride apparently out place, but gives 
membrane inhibiting point the same sense the other 
metallic salts, has been put the end. 

The series tests described part was made for the purpose 
comparison. The tests show the great similarity the action 
the various salt solutions the eggs and the sperm, not only 
when they are unmixed, but also insemination. The latter 
includes both immediate inseminations and viability tests. 

Under have summarized the experimental data. There 
also table there that shows both the membrane-inhibiting 
concentration and the cleavage-toxic concentration for each 
the metals. 

Data the Various Metallic Salts. 


Gold July 20, 1922, per cent. stock solu- 
tion was made distilled water and used for establishing 
concentrations sea-water shown Table These were 
prepared separately for, and the time each experiment. 
series tests was then set establish the effects various 
concentrations eggs which were inseminated immediately 
the solutions. The results are shown the accompanying 
Table Ia. can seen examination, that one part 
1,500,000 parts sea-water will completely inhibit membrane 
elevation. 600,000 and 300,000, narrow hyaline zones 
appear around the eggs after exposure about five minutes 
the solution, but upon examining the control, was found 
merely the first indicium cytolysis the egg. 

series tests was then made with the purpose determining 
what concentration necessary inhibit cleavage when the 
eggs are transferred the solutions five minutes after insemina- 
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TABLE 
Per Cent. Membranes. | Per Cent. 1st Cleavage. 
Q A. Q B. 9 A. Q B. 

Inseminated control sea-water..... 100 100 100 100 


Effect eggs inseminated therein. July 20, 1922. Temp. 22.5° 
Eggs and sperm fresh. Insemination immediate 7.5. 

tion normal sea-water. The results for one these tests 
given Table Table shows the concentration 
toxic cleavage 375,000. Comparison with Table 
brings out the difference between membrane-inhibiting and 
cleavage-toxic concentrations. 


TABLE 

Concentration Per Cent. Per Cent. 
Sea-water. 

Inseminated control sea-water.... 


Test cleavage-toxicity AuCls. July 20, Eggs from Opened 
Membranes 100 per cent: Eggs transferred solution five minutes 
after insemination normal sea-water. Spermfresh. Temp. 


Table can seen viability tests run with the same lot 
eggs both the cleavage-toxic and the membrane-inhibitory 
concentrations. This test shows the difference between these 
two kinds action. concentration that completely inhibi- 
tory the initial events has absolute effect the subsequent 
events, while more concentrated solution will prevent the 
occurrence the subsequent events provided the time factor 
sufficient. The effect the exposure time also shown this 
table. The effect cleavage cumulative. The higher the 
concentration the metallic salt, the shorter need the time 
exposure be, produce complete inhibition. 
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to 


TABLE Ic. 
Per Cent. Per Cent. | Per Cent. 
Membranes. 2 Cell. 4 Cell. 
Time of Transfer after Insemina- | 
tion in Normal Sea-water. 
A B A. B 1 B 
Inseminated control 


Viability tests. Temp.21°C. Eggs 5:10 
375,000 AuCls. 


Lilie found that there are three ways which egg 
when placed the membrane-inhibiting concentration 
can made fertilize and produce membranes. Two these 
are means protective agents. the first case used 
egg sea-water high agglutinating power. the second, 
used solution gelatine gum arabic. The third method 
the use excess sperm. test was made the 
effect increased sperm concentrations gold inhib:tion with 
the results shown Table Id. concentration AuCl; 


TABLE Id. 
Drops Per Cent. Per Cent. 
Sperm. Membranes. 1st Cleavage. 
I 
2 
4 
100 much 


polyspermy. 
Effect increased sperm concentration. Aug. 1922. Temp. 


750,000 was used this experiment. Such concentration 
has p.H. 8.0 and has visible effect the spermatozoa. 
Copper Chloride—Lillie investigated the effect 
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copper salts the fertilization reaction Arbacia and found 
that there was membrane-inhibiting point 500,000 
also determined the cleavage-toxic concentration 62,500. 
repetition this work confirmed the determinations that 
made save that for one the females employed was found 
cleavage. has been stated above, the cleavage-toxic 
concentration varies somewhat, both for the eggs different 
females and for the different conditions existing 
the eggs the same female. 

Zinc will recalled, one the metals 
which formed such precipitate that cleavage-toxic concentra- 
tion could not determined. the weaker solution necessary 
completely inhibit the formation of. membranes, however, the 
salt could used with little difficulty. The usual series 
experiments for the determination this point was set up. 
The result such experiment may found Table 


TABLE 
| Per Cent. Per Cent. Per Cent. 
Concentration of ZnCl: in Sea-water. Membranes. | 2 Cell. 4 Cell. 


Test membrane-inhibition July Eggs and sperm 


fresh. Insemination 1:25:7.5. Exp. 2:30 P.M. Insemination immediate. 
All membranes narrow. 


Table record the viability eggs which were in- 
seminated normal sea-water and transferred the 
solution intervals indicated. will noted that when 
good membranes are raised, the toxicity the membrane- 
inhibiting concentration cleavage not very marked. When 
narrow membranes have been raised the viability much poorer. 

Lanthanum found that cerous chloride 
very weak concentration, would aggregate the sperm 
Arbacia. also found that the addition small amount 
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TABLE 
Per Cent. | | 
Time Transfer after Insemination Mem- Per Cent. Remarks. 
Normal Sea-water. branes. 2 Cell. 
95 63 33 per cent. narrow 
membranes. 
Inseminated control 100 100 


Viability test. ZnCle July 1922. sperm 
Insemination Exp.2:45 P.M. Temp. 20° 
NaOH, the sperm could reactivated. Because this, 
made few additional experiments the sperm Arbacia with 
solutions. the case the immediate insemination 
the lanthanum chloride solution, found that, concentration 
N/4,090 50,000, membranes are not raised. then 
made thick sperm suspension adding number drops 
dry sperm 7.5 c.c. the solution and observed that 
the sperm clumped and that their activity was much inhibited. 
The sperm this solution were, however, reactivated the 
addition drop N/500 NaOH. then made similar 
suspension and added one drop concentrated egg sea-water. 
The sperm became very active and gave very 
definite agglutination reaction. 

After the membrane-inhibitory concentration had been estab- 
lished 50,000, this solution was made replacing the 
normal sea-water with concentrated egg sea-water, egg sea- 
water high agglutinating power. When eggs were inseminated 
such solution, the percentage membrane formation rose 
from per cent. per cent. per cent. may thus 
seen that egg sea-water has great protective action lan- 
thanum-inhibition. 


The viability test the normally inseminated eggs 50,000 
LaCl; solution showed that this concentration very slightly 
toxic cleavage. will recalled, cleavage-toxic concen- 
tration could not determined because the great amount 
precipitation. 
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Aluminium tests with AlCl; were much like 
those for the metals already described. The results were also 
much the same. was found that concentration 40,000 
(p.H. 7.2) would completely inhibit membrane elevation and 
that concentration 10,000 (p.H. less than 6.6) was 
toxic cleavage when the eggs were transferred after 
insemination normal sea-water. the case LaCl;, the 
sperm were clumped when added the solution, but when 
NaOH egg sea-water was added, this clumping was corrected 
and the sperm became active. When the egg sea-water was 
added, the sperm agglutinated. Table IV. shows the result 


TABLE IV. 
Time of Transfer Per Cent. Per Cent. 
after Insemination Membranes. 2 Cell. 
in Normal Sea-Water. 
Uninseminated controls. 


Viability test June 19, 1922. Eggs and sperm 
fresh. Insemination Exp.1:00 P.M. Temp. 21.5 


viability test eggs inseminated normal sea-water and 
later transferred the membrane-inhibiting concentration 
the salt. will noticed examination this table, 
that the membrane-inhibiting concentration more toxic the 
first cleavage than the case with the other metallic salts. 

test the increase membrane elevation due increase 
sperm concentration showed that the percentage was raised 
from per cent. per cent. increasing the amount 
diate inseminations. 

Platinic Chloride—In the case other metallic salt 
studied there sharp line demarkation between concen- 
trations which permit membrane elevation and those which 
are absolutely inhibitory, with stock solution was 
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made from the crystals which was per cent. strength and 
all the concentrations were made adding this sea-water. 
The test for the membrane-inhibitory concentration shows that 
16,666, there membrane elevation equal the control, 
while 11,111, there complete inhibition membrane 
elevation. The p.H. the latter concentration 7.4. this 
case each egg may surrounded from twelve sixteen very 
active sperm. They strike the membrane and remain agglu- 
tinated though they are unable incite any cortical change 
whatever. The agglutination the sperm, drop egg 
sea-water, such PtCl, solution when the suspension made 
directly the solution, good. The inhibition comes after 
the agglutination and before the cortical response the egg can 
show itself, occurs the latent period. 

Not only there sharp distinction between concentrations 
which allow complete membrane elevation and those which are 
absolutely inhibitory, the case this metal, but the membrane- 
inhibiting concentration and the cleavage-toxic concentration 
are both more rapidly toxic the eggs than the case with the 
other metals studied. Table shows the results viability 


TABLE Va. 
Time of Transfer 
after Insemination in Per Cent. Per Cent. 
Normal Sea-water. Membranes. 1st Cleavage 
Uninseminated control sea-water..... 


Viability test June 30, 1922. A.M. QA. 


test the membrane-inhibiting concentration this salt; 
Table shows the effect such solution eggs which have 
been forced produce membranes the use excess 
sperm; Table shows the result viability test the 
cleavage-toxic concentration. All these tests show the great 
poisonous effect the solution the egg. The test with the 
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TABLE 
Drops of 1 * 25 Sperm Per Cent. Per Cent. 
Suspension. Membranes. 1st Cleavage. 

Inseminated control sea-water....... 100 good 100 
Uninseminated control sea-water..... 


Effect increased sperm concentration immediate insemination 
June 30, 1922. Table Va. A.M. Temp. 21° 


increased sperm concentration shows the resistance this solu- 
tion enforced insemination well. Only after the eggs have 
been left normal sea-water for four minutes after insemination 
therein, does the viability Table begin approach the 
normal control. this same concentration, 11,111, while 
100 per cent. membrane elevation may produced increase 
the sperm concentration from one sixteen drops the 
suspension, only per cent. the eggs cleave and these 
are irregular. 
TABLE Ve. 


Time of Transfer 


after Insemination in Per Cent. Per Cent. 
Normal Sea-water. 2 Cell. 4 Cell. 
Inseminated control sea-water....... 


Viability test July 1922. Eggs 2:00 P.M. Sperm 
fresh. Insemination Membranes 100 per cent. Experiment 
P.M. Temp. 


test the cleavage-toxic point gave that determination 
after insemination normal sea-water, they become crenate. 
Such solution allowed cleavage minutes when the 
eggs were transferred intervals after insemination 
normal sea-water. The results this experiment are given 
Table Vc. Cleavage took place minutes the controls. 

Lead when added sea-water precipitates 
very freely. This precipitate not heavy, however, that the 
membrane-inhibiting concentration cannot determined 
N/554 (p.H. 7.0.). Some precipitate was present 
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even this concentration that the amount the salt really 
solution could not figured. Sperm will agglutinate readily 
such solution, though the eggs become clumped. 

Nickel series tests, made with follow 
closely the general behavior the metallic salts already 
described that but little discussion necessary here. was 
found the membrane inhibition first becomes evident about 
30,000 when the percentage membranes raised fell from 
100 per cent. per cent. immediate inseminations, while 
5,000, N/324, membrane elevation completely supressed. 
Such solution, when used viability test, shows decided 
effect the production cleavages other than the first. The 
effect shown not only the percentage cleavage, but also 
its regularity. 

When tests were made establish cleavage-toxicity, the 
concentration required was found 600 N/39 Agglu- 
tination the sperm good 5,000 when one drop 
the egg sea-water added 7.5 c.c. thick sperm suspension 
made the membrane-inhibiting concentration. The sperm 
are active such solution even before the addition the 
egg sea-water. 

Cadmium differs from the other metals 
studied only one respect and there the difference quantitative 
and not qualitative. When eggs are placed the membrane- 
inhibiting concentration, which 1,333 N/122.1, and after 
various exposure times, are transferred normal sea-water and 
inseminated, there very marked poison effect after two 
minutes exposure. Not only does two minutes exposure cause 
very irregular development, even the first cleavage, but 
tends inhibit the elevation membranes. After four 
minutes, there were per cent. membranes formed and per 
cent. were narrow. After one hour, all were narrow. When 
eggs were exposed the solution for one hour and then insemi- 
ated, the first cleavage gave per cent. regular forms and 
per cent. irregular. 

The effect this concentration the sperm very marked. 
They agglutinate readily with egg sea-water and can activated 
one drop NaOH egg sea-water though they are 
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quiescent the solution alone. The percentage membranes 
was raised from per cent. per cent. increasing the 
sperm concentration insemination from one drop 
drops the same suspension. The higher sperm concentra- 
tion this test resulted much polyspermy. 

would expected that increasing the concentration 
the solution, cleavage-toxic point could determined. 

10. Cobalt Chloride—When series tests was made 
establish the concentration necessary inhibit the 
elevation membranes, and the concentration necessary 
inhibit completely the formation the first cleavage eggs 
which have been inseminated normal sea-water and transferred 
the solution five minutes after the insemination, was found 
that both are much higher that the other metals which 
worked. The membrane-inhibitory point was found 
1373, N/89.245, while cleavage-toxicity occurred 100 
was the case with Cadmium, though not such 
extent, the toxicity even the membrane-inhibiting concen- 
tration eggs which had béen inseminated normal sea-water 
and transferred it, was very marked. 

Agglutination good the solution. The membrane- 
inhibiting concentration makes the sperm sluggish but this 
harmful effect corrected the addition, the NaOH 
drop the concentrated egg sea-water. 

11. Mercuric Chloride—As has already been stated above, 
there one metallic salt which irregular its behavior. This 
Mercuric Chloride. All the other salts with which has been 
possible work have double effect the eggs Arbacia. 
The first effect the weaker concentration and the 
phenomenon membrane elevation; the second effect con- 
stantly greater concentration and dependent the time 
exposure the gametes for the intensity its action. 
modifies materially the viability the eggs and have termed 
The tests made with show that 
there was concentration which would inhibit the elevation 
membranes and allow cleavage eggs were placed five 
minutes after they were inseminated normal sea-water. 
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TABLE 


Concentration of Per Cent. Per Cent. 
HgCl: in Sea-water. Membranes. 1st Cleavage. 
Inseminated control sea-water..... 100 100 


Test with July 11, 1922. 11:20 A.M. Eggs and sperm fresh. 
Insemination 1:25:7.5. Eggs Temp. 20° Concentrations greater 
than 300,000 showed cytolysis minutes. 


For example, examination Table will show that 
600,000, toxic cleavage, while there 100 per 
cent. elevation membranes which are wide and all appear- 
ances absolutely normal. those concentrations which 
cleavage does not follow membrane elevation, cytolysis com- 
mences within hour for those eggs with membranes. Eggs 
without membranes are more resistant. appears from Table 
first glance would thought that this direct inversion 
the ratio found hold for the other metals where membrane- 
inhibition occurs lower concentration than cleavage-toxicity. 
examination the effect such solution the sperm 
shows that they are instantly paralyzed and that this 
paralysis not reversible, neither NaOH nor concentrated 
egg sea-water will activate the sperm it. This immediately 
differentiates such membrane-inhibition from that described for 
the other metals. 

Lillie notes that the action very different 
from that notes that initial stages are 
relatively little affected, the susceptibility increases 
fertilization (page 140). also notes that 
cury also suppresses the movements the spermatozoa great 
According his data (Table VII.), concentration 
625,000 completely inhibits cleavage while 15,625 
prevents membrane elevation. states further, that the 
latter concentration, sperm are 
observations are accord with the above, save that was found 
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paralyze sperm and consequently completely inhibit membrane 
elevation (Table VIb). considered that the action 


TABLE 
Concentration of Per Cent. Per Cent. 
HgClh: in Sea-water. Membranes. tst Cleavage. 
Uninseminated control sea-water..... 


Test July 21, 1922. 3:04 P.M. Temp. 26° Eggs 
Eggs and sperm fresh. Insem. 7.5. 
mercury membrane-inhibition was like that copper but 
much higher concentration. would prefer consider that 
the action poisoning the sperm, and not the 
type inhibition that present copper-inhibition. 

most the metallic salt solutions, the effect make the 
membranes narrow the concentrations approach the strength 
necessary for membrane-inhibition; has exactly the 
opposite effect. When eggs are inseminated solutions which 
not paralyze the sperm, membranes elevate immediately and 
such membranes are extremely wide. The solutions alone will 
produce membranes eggs concentrations greater than 
150,000 has also been observed Lillie These 
membranes form much later than those produced insemination 
that easy differentiate between the two. Eggs with 
membranes cytolyze very rapidly when left solution. 

would thus appear that, comparing the action the 
Mercuric salt with those the metals already described, the 
only great difference the failure the show any 
concentration which prevents the action between viable egg and 
sperm and consequently the initial response the cortex 
the egg. 

Comparative Tests. 


The preceding part devoted individual tests the 


behavior various salts. These tests were made with separate 
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lots eggs, under different conditions, and are therefore not 
suitable for comparison they would had they all been done 
simultaneously with one set eggs. Three sets experiments 
were therefore set for the purpose comparison. 

The experiment which appears Table was made 


TABLE 


| Percentage First Cleavage. 
| Chlorides of: 
Time of Transfer after 


Au'| Cu!) Zn La Al Pt Pb! Ni | Cd | Co 

29 | 38 7 98 94) 96 70' 80)! 80 

ws 46 | 64 96 98 92 95 84, 78. 87) 92 

84 | 98 |100 98) 98 92/100 98 

oon 84 | 99 100 100 100 99 100, 98/100, 99 

| 96 | 99 | 100 100 100 100/100 100/100 99 
Inseminated control sea- 


Comparative test with membrane inhibitory concentrations. July 15, 1922 
Experiment Temperature 21°C. Spermandeggsfresh. Insemina- 
tion Membranes formed well, save immediate inseminations. 

the above experiment, the results for and are interpolated. 


show the effect the various solutions the viability the 
same lot eggs under the same conditions. each case the 
concentration used that membrane-inhibition. this table 
will noted that only the figures for the first cleavage are 
given. all save the immediate inseminations, membranes 
were present high percentage the eggs. The table, 
therefore, emphasizes the great difference between the inhibition 
initial and subsequent events, and shows the great similarity 
the action all the salts. this table, the figures for 
and CuCl, are interpolated. was found, however, that 
both these membrane-inhibiting concentrations proved more 
toxic cleavage than those the other salts. have not used 
this test shows membrane-inhibiting point. 
The experiment summarized Table VIIb was performed 
determine the time when superficial cytolysis first begins 
appear uninseminated eggs placed membrane-inhibiting 
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concentrations each the metallic salts. Readings were 
made the end fifteen minutes, one half hour, and half- 
hour intervals thereafter for four and one-half hours. this 


TABLE 


Metallic Superficial Cytolysis 


Salt. Begins. Hours. 


Test time cytolysis membrane-inhibitory concentrations. Eggs, drop 
7.5 c.c. solution. 10:45 A.M. 7/26/22. Eggs 9s. Temp. 22.5° 


experiment, one drop the uninseminated eggs was placed 
7.5 c.c. the membrane-inhibiting concentration each the 
metallic salts. The container, which was Syracuse watch- 


glass was then rotated insure thorough mixing the gametes 
and the solution. 


TABLE VIIc. 


Metallic Action Drop Drop Concentrated Egg 
Salt. Alone. NaOH Added. Sea-water Added. 

Active. Very active. Very active. Agglut. 

Clumped. 

AIC]; Active. Clumped. Very 
Clumped. 

clumping. 


Effect membrane-inhibitory concentrations the sperm. July 18, 


Sperm suspension made with dry sperm 7.5 ¢.c. the solution. Sperm from 
two males. 


The experiment VIIc was with the membrane-inhibiting 
concentration each the metals and its effect the sperm. 
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this series, sperm suspension was made adding number 
drops the dry sperm 7.5 c.c. the membrane-inhibitory 
concentration the metallic salt, and the effect the solution 
the behavior the sperm was noted. drop NaOH 
was then added one preparation and its effect noted. 
another preparation, drop concentrated egg sea-water 
was added. The results may seen VIIc. 


Summary. 


summarizing the results the foregoing experiments, 
may generally stated, that, with the exception all 
the metals studied have three effects the fertilization 
period Arbacia. The first and second occur greater 
dilution than the third and involve membrane elevation. When 
eggs are inseminated directly certain solutions, they give 
cortical response, the effect immediate and prevents any 
reaction between the gametes themselves; if, however, eggs are 
placed this same solution after cortical discharge has begun 
but before complete, results which 
may attributed incomplete cortical response. The 
third involves the subsequent events and requires higher 
concentration the metallic salt. seems from the data 
cumulative its action. When the eggs are placed the 
solutions five minutes after the insemination normal sea-water, 
the time factor amounts approximately forty minutes, first 
cleavage used indicator. the eggs are transferred 
later time, first cleavage may only partially inhibited but 
there will second cleavage. That say, the time re- 
quired for the salt solution produce its toxic effect is, these 
experiments, about thirty-five forty minutes. Table VIII 
gives comparison the concentrations necessary produce 
these effects. The order toxicity the metallic salts will 
seen the same for both membrane effects well subse- 
quent events. The general results are accord with those 
noted Lillie his work copper. Mercury, has been 
observed above, exception this general rule. 

each case, can seen reéxamination Table VIIc, 
sperm may caused agglutinate the membrane-inhibitory 
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TABLE VIII. 


| Membrane-inhibition. | Cleavage-toxicity. 


Salt. 

Parts. | Normality. | Parts. Normality. 


The above table shows the series metals established for both membrane 
and cleavage inhibition Arbacia. With the exception they are the 
order increasing concentration. 


concentrations the addition egg sea-water, thus demon- 
strating that the action not primarily the sperm before 
their interaction with the female gametes. 


There are three periods definable Arbacia from the moment 
insemination the first cleavage. The first involves the 
behavior the alone and includes its activation, 
migration the egg, and its agglutination the egg. The 
second involves the reaction both egg and sperm, and lasts 
from the end the latent period the completion the cortical 
activation the egg. can, course, subdivided. The 
third concerned with the rotation the sperm head within the 
egg cytoplasm, and the migration the egg nucleus. other 
words, the preparation for the union the germ nuclei and 
the preparation for cleavage. latent period comes between 
the time the agglutination the sperm the egg and the 
initial events cortical activation, described Lillie 
belongs the first period described rather than the second. 

The differentiation between the first and second periods 
very markedly emphasized the foregoing experjments. When 
eggs are placed solutions indicated the text membrane- 
inhibitory, and immediately inseminated, the sperm are seen 
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agglutinate This inhibition, therefore, very evidently 
occurs between the periods agglutination and activation, 
during the latent period. may said that the egg 
held the latent period the solution. soon the agglu- 
tination seen occur, there block interposed, and the 
reaction ceases. the time when this block first interposed, 
there great harm done the eggs. they are removed 
sea-water and inseminated, the sperm penetrate and cortical 
activation ensues. This seems show that the action involved 
affects only the very external parts the gametes and easily 
removed. After exposure slightly longer duration, the 
viability the eggs becomes poorer, but this would consider 
due the penetration the salt into both the cortex, 
and, later, the central part the egg and consequently, 
very different mechanism from that which prevents the elevation 
the membrane. 

There are number physical and chemical phenomena 
which may responsible for this inhibition membrane 
formation. The theory chemical combination was suggested 
Lillie. remarks the similarity the effective 
concentrations found hold the toxicity”’ his 
work and the enzyme poisoning discussed below. The physical 
action may two kinds. may adsorption phenom- 
enon resulting either change the electrical charge the 
membrane which present before fertilization adsorption 
molecular groups. finds that the charge cell 
membranes Lycopodium spores, leucocytes, and yeast cells can 
reversed the use solutions. Whether this 
open question. Membrane-inhibition might due change 
charge the egg membrane, adsorption the metallic 
ions some the complex molecular groups the egg proto- 
plasm. Were these groups those the activable substance, this 
adsorption would explain the partial activation described above. 
The first these would involve electrical action while the 
latter would result chemical inactivation though not 
chemical reaction. 

Lillie noted the close similarity between the concentra- 
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tions required for cleavage-toxicity and that found 
Euler and Swanberg toxic the action saccha- 
rase. McGuigan extensive set tests the effect 
the metallic salt solutions the action diastase, determined 
the concentrations which inhibit its action for series metals. 
Olsson also worked the effects the various salts 
silver and copper the action amylase. Euler and 
Swanberg found that the action saccharase 
organic substances was not effected the temperature. They 
conclude that there binding the enzyme through the 
aldehyde group. McGuigan compares the action the salts 
the solution tensions their ions, though finds certain irre- 
gularities the series. His results for diastase and those 
Euler and Swanberg for saccharase are very close agreement. 

The data concerning membrane-inhibition Arbacia not 
agree with the results noted the above authors for enzyme- 
poisoning. While chemical activity could explain the inhibition 
effect satisfactorily, would difficult conceive immediate 
correction this, effect the inhibiting factor were removed. 
has already been noted, when the eggs are removed sea- 
water from solution which inhibition complete, the 
exposure has not been too long, there immediate recovery 
and the eggs will produce membranes insemination the 
normal manner. 

The present paper emphasizes the distinction made 
between the initial events fertilization they are indicated 
the cortical activation, and the subsequent events which lead 
the period cleavage. 


VI. CONCLUSIONS. 


The chlorides the following heavy metals inhibit mem- 
brane formation Arbacia the following order and concen- 
Cu—N/42,030, La— 
Co—N/89.2. The effect these concentrations 
upon the cortical response the egg immediate. Eggs 
inseminated these solutions immediately become 
bombarded many sperm, one which able activate 
the cortex the egg the above concentration. 
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contrast the above, but showing the same general 
order, are the concentrations the same metallic salts which 
are toxic cleavage. These salts, with their toxic concentra- 
much precipitation the case Zn, La, and Pb, that the 
concentration these salts, toxic cleavage could not 
determined. 

Mercuric chloride proved toxic cleavage 
while seeming favor membrane elevation. concentra- 
tion inhibiting membrane elevation, sperm were paralyzed 
immediately. 

These concentrations vary slightly for different batches 
eggs and show the influence time factor, thus giving 
interesting contrast membrane-inhibition, the concentrations 
which are more constant and immediate their action. 
These concentrations are greater every case except Hg, than 
the membrane-inhibiting concentration the same metal. 
Cleavage toxicity progressive, cumulative action. 

These solutions are not immediately harmful the gam- 
etes, but prolonged exposure injurious the eggs can 
shown two experiments. 

(a) When the female gametes are exposed the solutions for 
various periods time and are then inseminated fresh sea- 
water, the viability always stands inverse ratio the length 
exposure. 

(b) When the inseminated eggs are transferred the solutions 
intervals after insemination normal sea-water, the length 
exposure the solution bears inverse ratio the viability 
the eggs. 

will seen both and (6) that the time factor the 
important one. The action here again cumulative. 

With the exception mercuric chloride, any harmful effect 
these solutions the sperm corrected the addition 
drop egg sea-water. 
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THE BEHAVIOR CALCIUM PHOSPHATE AND 
CIUM CARBONATE (BONE SALTS) PRECIPITATED 
VARIOUS MEDIA, WITH APPLICATIONS 
BONE FORMATION. 
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INTRODUCTION. 


There are present three main theories presented explanation 
the manner which the matrix bone becomes impregnated 
with the two inorganic salts, calcium phosphate and calcium car- 
bonate. These views may briefly summarized follows: 


280 
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That the salts are deposited the matrix precipitation 
situ from the interaction soluble salts the blood and the 
tissue. 

That the salts are excreted, secreted, either with the matrix, 
into the matrix, the bone cells. 

That complex combination salt known calcium carbono- 
phosphate, carried solution the blood, thrown out solution 
the bony matrix change the carbon dioxide content 
the tissue, and after precipitation finally converted into the two 
components, calcium carbonate and neutral calcium phosphate, 
the exact proportions found bone. 

The weight evidence present favor the third view, 
especially supported the work Barillé and Wells, but 
seems that fully conclusive proof that this the process has 
not yet been brought forward. 

The precipitation theory, however, offers very simple and 
plausible explanation, and was determined investigate the 
behavior bone salts precipitation and see any light could 
shed the actual manner impregnation the bony matrix. 

exact knowledge the way which the bone salts are added 
would great aid, indeed, our understanding the growth 
bone, repair fractures, changes rickets and osteomalacia, 
and other kindred conditions. would also throw light the 
formation calcareous patches scar tissue and arterioscle- 
rosis, for Wells has shown that calcification and ossification are 
quite similar processes, and the same two calcium salts are present 
both cases exactly the same proportions. 

This research work, finally carried out, involved the micro- 
scopic study the reactions whereby calcium carbonate and cal- 
cium phosphate were precipitated, both separate solutions and 
also the same solution, first various aqueous media and then 
certain colloidal ones. This was followed thorough exam- 
ination the unchanged matrix many different bones the 
mouse, the frog, the guinea pig, the dog, and human 
various ages. 


“For experimental investigation the artificial process will 
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furnish the best clue precise and certain knowledge the 
natural one, showing more clearly how much due physical 
agency 


PART MICROSCOPIC STUDY PRECIPITATION. 
TECHNIQUE. 


For simple examination reaction, glass slide measuring 
mm. was taken and were outlined two squares with 
sides mm. painted melted paraffin, that the wax formed 
the sides shallow cell. Into cell were placed small amount 
the two reacting solutions give the desired precipitate, and 
then cover glass mm. square was dropped on, supported 
the wax cell wall. was desired keep the specimen, melted 
wax was then painted all around the edges, and overlapping 
the cover glass. The wax was then coated with thick shellac, 
which its turn overlapped slightly the glass. The cell was 
thus permanently sealed. Two cells could made one slide 
and the same reaction could compared distilled water and 
colloidal solution side side. 

was found desirable examine not only the precipitate formed 
immediately the line contact the two reacting solutions, but 
also what was formed later, more remote parts the solution, 
during diffusion, and the concentration the dissolved salts 
became less and less with increasing precipitation. this 
required larger cells, and was desirable have fairly uniform 
thickness cell, which was accomplished follows: 

glass slide mm. size two thin parallel strips 
mica dipped melted paraffin were placed support the 
long edges glass cover slip measuring mm., which was 
placed upon them. These long edges were now thoroughly painted 
over with melted paraffin, which hardening cemented the cover 
slip the slide. cell measuring from 0.1 mm. 0.2 mm. deep 
was thus made, still open both ends. means fine glass 
pipette one the reacting solutions, calcium chloride, was 
now introduced one end until the cell was nearly two thirds 
filled. This end was then carefully dried and sealed with paraffin. 
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the still open end was now introduced the other solution— 
for instance, sodium carbonate, M/4 triple sodium phos- 
phate—and the last border thé cell was then sealed and the slide 
labeled. All borders were then painted with thick shellac, which 
was allowed slightly overlap the wax the glass. 

obtain series cells uniform depth, sheet mica 
four inches two inches size was split until the required thick- 
ness was obtained, equal that number two cover glass. 
was cut across with scissors into two-inch strips about two milli- 
meters wide. One sheet thus prepared will cut into approximately 
forty fifty strips. 

Cells filled with warm solutions sometimes showed broken cover 
glasses cooling. Also cells completely filled with solutions 
slight amount expansion due change temperature was 
sufficient cause leakage loosening the wax from the slide. 
And provide for permanency the specimens all cells were 
filled leave air space provide for contraction ex- 
pansion without undue strain, and were filled with solutions 
room temperature, 

Pure distilled water was used all experiments, all solutions 
were filtered make them perfectly clear, and chemically pure 
reagents were employed every case. 


REACTION AQUEOUS SOLUTION. 


Precipitation Calcium, Phosphate. 


Calcium phosphate was obtained the interaction 
solution calcium chloride and M/4 solution triple sodium 
phosphate water. This strength reagent gave plenty pre- 
cipitate, without being dense interfere with proper micro- 
scopic examination. the two solutions were different con- 
centration, there was different rate diffusion the two sides 
the line contact, with corresponding differences rate and 
amount precipitation. 

Immediately that contact occurs between the two solutions 
milky cloud appears, which grows rapidly size. For moment, 


although the cloud visible the naked eye, the solution seen: 


microscopically still clear, but instant later becomes vio- 
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lently agitated, and the agitation becomes quickly defined being 
caused very minute particles, which are very rapid motion, 
both oscillatory and translatory. These particles, appearing only 
small dots even under the highest magnification, grow size, 
losing their motion they increase bulk, until finally they form 
the fine amorphous granules which gather clumps, and masses, 
and fine films, form the precipitate. 


Precipitation Calcium Carbonate. 


Calcium carbonate was precipitated the interaction 
solution calcium chloride with M/4 solution sodium car- 
bonate. The process here resembles that described above for cal- 
cium phosphate the form myriads fine particles rapid 
Brownian movement. movement finally ceases these parti- 
cles agglutinate into large clumps, and then remarkable change 
occurs, for the granular masses just formed fade from the sight, 
dissolving again into the solution, while scattered here and there 
larger, rapidly growing particles occur, which become defined 
crystals, angular outline, small spherical bodies, known 
spherules, which are later converted into crystals they increase 
size (Figs. and 25). 

Two three hours after the formation the precipitate all 
crystalline. very rare see spherule persisting pure 
aqueous solutions. 

The appearance precipitates calcium carbonate the form 
spherules has been frequently noted before. long ago 
1839 was described Link, who, accordance with this phe- 
nomenon, thought that crystals their first origin were fluid and 
only later became hard and angular, solidification occurred. 


PRECIPITATION COLLOIDAL SOLUTIONS. 


The colloids employed were gelatin and egg albumen. 

Various concentrations gelatin were experimented with, rang- 
ing from per cent. solution, which solidified quickly, per 
cent. solution, which remained fluid for some time and then formed 
soft jelly. the various concentrations gave similar results the 


weaker ones were used matter routine, being easier 
handle. 
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For albuminous solutions Merck’s powdered soluble egg albumen 
was employed, water being added make the approximate normal 


‘proportions given Lillie for fresh albumen the hen’s egg, 


namely, albumen per cent., water per cent. weight. 

1857 Rainey published the first series papers the 
precipitation carbonate and phosphate calcium colloids, 
using gelatin, albumen, and gum arabic. His best results were 
obtained with gum arabic, and pointed out that the solutions 
the gum holding the two salts reacting give the precipitate should 
very different densities, that diffusion and the consequent 
reaction would occur slowly and gradually. have found, how- 
ever, with albumen and gelatin, that the reacting salts differ suf- 
ficiently concentration, the concentration the colloidal solution 
need not differ order secure good reactions. And many 
series experiments per cent. gelatin was used throughout, 
although others this concentration was used only with calcium 
chloride, and per cent. solution with sodium carbonate phos- 
phate. Egg albumen was used always the same concentration. 


Precipitation Calcium Phosphate Colloids. 


The employment colloidal solution seems have little 
influence the precipitation calcium phosphate. The de- 
posit quite similar that aqueous solutions, being fine, gran- 
ular, and amorphous (Fig. 36), and aggregating form thin 
gelatinous veils and clouds. Results egg albumen were similar 
those gelatin. These findings are agreement with the work 
Rainey, Harting, Biedermann, and others. 


Precipitation Calcium Carbonate Colloids. 


The reaction here very characteristic. Calcium carbonate 
formed the presence colloids has tendency separate out 
and -persist the form the spherules mentioned previously, 
which have been named calcospherites. 

The first effect the colloid very much emphasize and 
prolong the stage which the particles are small and show active 
Brownian movement, apparently preventing their early fusion 
into larger masses. short time, however, larger particles are 
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seen which grow partly the expense the smaller ones, which 
redissolve described for aqueous solutions. But there are many 


small particles which apparently not dissolve, but pass 


tectly over the larger form deposit, forming nucleus for 
the laying down additional material from the clear solution. 

The precipitate exhibits two separate forms. One these 
distinctly crystalline (Figs. 10, 12, 13) and found most densely 
the primary line contact the reacting solutions where de- 
posit was very rapid. Even here the colloid shows its influence, 
for the crystals are not perfect, but are deformed various ways, 
and exhibit rounded angles and suppression their typical shape. 

The second form deposit the shape very perfect small 
spheres (Figs. 29, 30, 31), which vary greatly their trans- 
parency, markings, and size according the solution which they 
are formed. 

Rainey obtained spherules gum arabic only after the lapse 
hour more. first faint nebulosity was seen, lasting 
thin solutions for one hour, thick solutions for over 
week, after which spherules occurred. work have been 
able identify these bodies less than ten minutes, and some 
solutions see them attain size one hour. They grow 
rapidly and attain practically their full size forty-eight hours, 
ranging then according the solution which they lie, from 
size Rainey’s case they grew gradually for 
several months and ranged size from had one 
single example pear-shaped body which measured 120 300 

Evidently gum arabic exhibits more powerful colloidal influ- 
ence the precipitate, but gelatin albumen will give excellent 
results very much shorter time, which valuable consid- 
eration. 


Brownian movement parts some slides still active after 
the lapse year, due the colloid retaining some the pre- 
cipitate its original, extremely small, granular form, preventing 
coalescence form the larger particles seen other areas where 
precipitation was denser and more rapid. 

The process coalescence the small particles can observed 
favorable cases. Very small spherules showing active move- 
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ment travel about the solution, colliding with and working past 
others. Suddenly two these, instead passing, will drawn 
together, though pulled strong attractive force, and will 
merge completely one large spherule, which its turn may 
absorb small ones. these moments coalescence the spherules 
give the observer the impression being fluid, flowing together 
like two drops water, and lead one believe that Link was 
correct interpreting these small spherules liquid crystals. 
these bodies become larger they lose their movement, settle down, 
and become glassy hardness. There also later growth 
addition material from the surrounding clear solution. 

Richards and Archibald have shown that the particles pre- 
cipitates their first appearance seem have rounded outline 
the eye even under high magnification, but photographs, how- 
ever, they have demonstrated that these particles are real crystals 
typical shape. This condition true for some particles 
calcium carbonate formed aqueous solutions, but colloids 
great deal the deposit the form particles which are 
round, and persist this shape they grow. There are other 
particles also, which clearly are not round, and give the crystalline 
form deposit which occurs simultaneously with the spherules. 

The spherules formed gelatin (Figs. and 31) are very 
perfect, with smooth surface, and clear, transparent, glassy ap- 
pearance. Those formed albumen (Figs. and 29) often show 
slightly irregular periphery and give indications their internal 
structure. They appear built concentric layers, and 
often exhibit amorphous center. Extending from this center 
the periphery also faint, but quite distinct, radial striation 
certain cases. These appearances have already been well described 
and illustrated Rainey, Harting, and Biedermann. 

ought noted here that Harting has been erroneously 
credited many writers with the discovery, 1872, the calco- 
spherites formed colloidal solutions. Rainey described and gave 
accurate illustrations these bodies 1857, and had observed 
them early 1849, and deserves the credit this discovery. 

Combined precipitates calcium carbonate and phosphate (Fig. 
36) show each salt acting quite independently, the phosphate occur- 
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ring its usual amorphous form, the carbonate typical crystals 
and spherules. Similar conditions were found Rainey gum 
arabic. 

The colloids gelatin and albumen were chosen being artificial 
media easily prepared which might looked approximately 
comparable respectively the bony matrix and the blood serum 
cellular tissues. Reactions gelatin might give clue 
those bone, and similarly reactions albumen might indicate 
processes calcification other tissues. After studying the re- 
actions these simple media, they were further modified the 
addition various substances which are either normally patho- 
logically found the blood tissues, see what effect these 
special substances would exert. 

Further experiments were also carried out study the effect 
the hydrogen-ion concentration the colloid. complete this 
stage the work reactions were followed cartilage extract and 
blood serum. Then specimens bone from various animals 
were examined see there was any correlation between the 
structure their matrix and the results obtained experimentally 
the various media. 


THE INFLUENCE OTHER AGENTS THE PRECIPITATE. 


The substance whose influence was investigated was added 
equal concentration both the sodium carbonate phosphate, 
and the calcium chloride solutions which were react form 
the precipitate. The new agent was thus balanced that its action 
could not one sided. 

The agents used and their concentration solution were: 


sodium chloride, same proportion human blood serum. 

0.1 per cent. dextrose, same proportion human blood serum 
(Gradwohl). 

0.05 per cent. urea, same proportion human blood serum. 

0.1 per cent. lecithin. Blood serum contains 0.7 per cent. (Wells). 

per cent. acetone. Simulating conditions acidosis. 

0.5 per cent. ethyl alcohol. 


The effects produced the precipitation calcium carbonate 
were quite definite for some these substances, and some in- 
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stances very remarkable changes form resulted. The influence 
calcium phosphate was much less striking, this deposit re- 
mained the same granular, amorphous form all cases, and the 
results were mainly slight difference the average size 
granules, and also differences the speed and completeness 
precipitation similar those which will noted detail below 
for calcium carbonate, which latter deposit alone the succeeding 
paragraphs relate. 


Addition Sodium Chloride. 


The main effect noted adding sodium chloride was the speed- 
ing the reaction. Brownian movement ceased sooner, crys- 
tallization was more rapid, and most cases the main portion 
the precipitate consisted smaller crystals and spherules, and 
the colloids the crystals were very poor shape. 


Addition Dextrose. 


The influence this compound was slight and seemed consist 
mostly added transparency the crystals and spherules. There 
was also slight modification shape. 


Addition Urea. 


Even aqueous solutions some spherules were formed when 
urea was present. The effect colloidal solution (Figs. and 
35) was favor increase size the spherules, with marked 
tendency toward fusion, that many double forms and dumbbell- 
shaped bodies were seen. Urea thus shows influence quite the 
opposite sodium chloride upon the precipitate. evidently 
favors growth this deposit and suggests the idea that the pres- 
ence urea blood and urine may aid the deposit calcium 
salts the calcareous incrustation sclerotic arteries and the 
growth renal and vesical calculi. 


Addition Lecithin. 
Lecithin, even small amounts, 0.1 gm. 100 water gives 
turbid solution even after filtering, but microscopically the solu- 
tion appears clear, that evidently colloidal one. 
The lecithin has remarkable influence the precipitation 
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calcium carbonate. Even aqueous solution (Figs. 
spherules occur great numbers, and many these are large 
size not obtainable other solutions. There also distinct 
tendency toward fusion spherules contact with each other, 
that double and multiple forms are numerous. Beautiful rosettes 
(Fig. were present, due the adhesion many oval-shaped 
bodies. 

gelatin and albumen (Figs. and 11) the same phenomena 
occurred, producing magnificent rosettes and very large spherules 

Lecithin thus has very typical colloidal action the precipitate, 
favoring the spherical forms deposit. This compound found 
blood seven times the strength was employed here, and 
also found bone and other tissues, that its action pre- 
cipitation bone salts, such occurs, ought appreciable. 
This point will discussed later. 


Addition Acetone. 


The presence acetone (Fig. 12) hastens the process pre- 
cipitation, making occur very rapidly, and also makes the initial 
deposit the moment contact much denser and more complete. 
This point rather suggestive. leads the question 
whether not conditions acidosis such accompany serious 
cases nephritis and diabetes have influence favoring the prog- 
ress calcification the arteriosclerosis often found these 
cases. 

Ethyl Alcohol. 


The alcohol had appreciable effect upon precipitation except 
add the optical clearness some preparations. 


INFLUENCE DIFFERENT IONS. 


The calcium carbonate was precipitated separate cells the 
carbonates sodium (Figs. and 4), potassium (Figs. and 5), 
and ammonium (Figs. and 6), that the solutions contained the 
three last-named ions the only variable, all other factors being 
equal. aqueous solution the crystal form the calcium car- 
bonate the three cases was noticeably different. colloidal 
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solutions the spherules seen were very different their appear- 
ances each set slides. 

The most noteworthy change was seen where the ammonium salt 
was used, the deposit being much coarser, with rougher, more 
irregular surfaces, and rule much greater size and with 
more tendency toward fusion and toward clumping into masses. 

The whole series for each ion, including those slides with the 
six accessory agents described above, showed similar tendencies 
the plain, unmodified reaction. series consisted slides, 


PRECIPITATION SERUM. 


Clear serum was pipetted off from test tubes dog’s blood 
allowed stand for some hours refrigerator. The precipita- 
tion calcium phosphate this serum showed the usual granular 
amorphous character. Calcium carbonate separated out almost en- 
tirely the form spherules, many which were quite large. 
The process precipitation blood serum was very complete, 
covered practically the whole area the slide, and seemed 
greater than usual amount. This appearance suggested the 
thought that the sodium carbonate and phosphate the blood aided 
the reaction, making precipitation greater amount, but further 
consideration made this seem unlikely, the usual amount car- 
bonate phosphate was added the blood, and this alone was 
sufficient precipitate more than the total amount calcium, 
without the aid the salts naturally the blood. 

Mixtures carbonate and phosphate present the usual char- 
acter, each salt being precipitated its own peculiar form and 
being thus easily identified (Fig. 36). 


PRECIPITATION HYALINE CARTILAGE EXTRACT. 


extract fresh hyaline articular cartilage was prepared 
mashing distilled water, allowing the mixture stand 
short time, and then filtering and using the clear solution. The 
same concentrations salts were used here other cases, but 
the resulting precipitate was very much less 
tation occurred only the area contact the solutions, was 
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finely divided state, showed some tendency form crystals, but 
mostly was form granules and very small spherules. There 
were large spherules whatever. The total amount deposit 
would lead one think that very weak solutions had been em- 
ployed instead the usual ones. 

Hyaline cartilage extract thus seems decrease the amount 
precipitation and retain what deposit formed very finely 
divided state. Addition the various accessory substances used 
previous cases had effect, even lecithin apparently being 
powerless produce the large spherules. 

These facts may have some significance, for here have 
extract tissue which although apparently similar other carti- 
lage which does ossify, and although situated continuity with 
ossified tissue, yet retains matrix free from deposit calcium 
salts. Its extract forms the most unfavorable medium yet found 
which produce precipitation calcium salts. Solutions 
equal concentration other media give three four times the 
amount precipitate found here. The experimental facts, 
seems, are complete accord with the nature the tissue, which 
unfavorable the deposition calcium salts it. 


INFLUENCE CONCENTRATION. 

Loeb’s method was employed treating gelatin obtain 
with definite hydrogen-ion concentration. 0.25 gm. gelatin 
test tube were added c.c. cold acid solution definite 
strength, and this was allowed stand for minutes, during 
which time the gelatin swelled remarkably, but did not dissolve. 
was then filtered and washed the filter paper four times with 
c.c. cold distilled water remove all free acid. 

The gelatin was then transferred test tube standing hot 
water, where melted, and the volume was made c.c. 
with hot distilled water, thus giving one per cent. gelatin solution. 
Two tubes for each strength acid were prepared. cooling 
the each pair was determined approximately Clark’s 
colorimetric method, and then one tube the pair was rendered 
calcium chloride solution, and the other one sodium 
carbonate solution, and these two solutions were placed usual 
cell react. 
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There was also alkaline series made similarly the above. 
each series there were ten grades follows: 


8192 


Acid series treated with 


Alkaline series treated with 


The the acid series washed gelatins one per cent. 
solution ranged from 3.2 6.0. Untreated gelatin, both sheets 
and powder, which had been used for all the previous experi- 
ments was found possess 6.0. 

The weakest alkaline member the series registered 6.2 and 
the fifth member the series 9.0, above which record 
was kept. 

The amount precipitate visible the naked eye was less 
the acid series than the alkaline one. was least all those 
specimens where the was the neighborhood the isoelectric 
point gelatin, which occurs the acid series 4.7, and which 
marks the point where the gelatin most insoluble and most inert. 
these slides there was practically diffusion and spreading 
the precipitate, only narrow band deposit occurring along the 
line contact the reacting solutions. Such condition would 
lead one infer that the salts solution are intimately bound 
the gelatin. 

was also noted that crystals (Figs. 17, 18, 19) were abundant, 
and very often large, the various acid gelatins. Crystals were 
also present the weaker alkaline specimens, but gelatin treated 
with NaOH stronger alkaline solutions (Fig. 23) not 
single crystal has yet appeared period six months 
the preparation these slides. Here the precipitate still the 
form very small spherules, often densely packed prevent 
Brownian movement, but elsewhere still actively motion, which 
has gone continuously for six months without change, and 
gives every indication continuing indefinitely. The larger 
these spherules, approaching one micron diameter, have slow 
movement and can well observed, and have given definite 
proof what was already suspected from study other slides, 
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namely, that the so-called spherules are reality flattened discs. 
During their vibratory movement many them have been ob- 
served slowly roll over and narrow, thin edge presented 
the view instead the circular outline. The appearance reminds 
one very strongly red blood corpuscle. 

The largest and clearest spherules (Figs. 19-22) were formed 
gelatin whose was between 4.7 and is, all gelatin 
the alkaline side the isoelectric point—but specimens whose 
reaction was either weakly acid weakly alkaline, the neutral 
point being This the zone which obtained the forma- 
tion the largest spherules. Untreated gelatin, used for all the 
previous series reactions without regard hydrogen-ion con- 
centration, has 6.0 and within this zone. The 
human blood and many tissues also lies the alkaline part this 
zone. 

interesting note that strong acid members the series 
precipitation rapid, and while spherules may early present, 
the deposit the course short time becomes entirely crystalline 
structure. strongly alkaline members precipitation very 
complete, but the deposit remains for indefinitely long time 
the form small, discrete spherules, which not grow fuse, 
and which continue exhibit Brownian movement. crystals 
appear these latter cases, even after the lapse many months. 

the intermediate zone weak acid, neutral, weak alkaline 
gelatin both spherules and crystals appear quantity, and the 
spherules are very large. the part this zone which the 
hydrogen-ion concentration blood and many tissues lies the 
deposit mostly the form small spherules and the tendency 
crystallization very poor. This essentially colloidal phe- 
nomenon and seems significant view the fact that has fre- 
quently been found that certain drugs colloidal form have 
much better therapeutic effect, have much less damaging effect 
healthy tissues, and are much more pleasant their administra- 
tion the patient. example this, compare the actions 
silver nitrate and argyrol, colloidal silver vitellin. The 
colloidal preparation much more nearly approaches the condition 
the tissues themselves and the reactions ought more col- 
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loidal character, which have shown the natural condition with 
the hydrogen-ion concentration the basic side the neutral 
point. the acid side this point reactions tend the ordinary 
chemical crystalline variety. 


DISINTEGRATION SPHERULES. 


most remarkable phenomenon was observed during the last 
two months some the slides, where spherules have been ob- 
served process disintegration and transformation into crystals. 
This was first noticed the acid gelatin series slide where the 
gelatin had 4.9 and where for the whole six months 
appearance had been constant. 

This case (Fig. 31) had offered one the most perfect exam- 
ples large spherules, which were perfect outline, glassy trans- 
parency, absolutely clear, and showing indication all their 
internal structure. These spherules were formed half hour 
and had attained their full growth less than two days, and for 
six months presented the same appearance, with indications 
change. happened the end this period that they were 
not examined for about one month, when was discovered that 
some them (Figs. and 33) had disappeared, others were dis- 
integrating, and all still present were opaque, while this area 
which had not previously shown single crystal there was now 
number large crystals. 

Other slides were examined for similar conditions without avail, 
but month later several them showed signs change, and 
examination these intervals complete series stages 
the transformation has been obtained and complete description 
can now given. 

The first sign change the occurrence very fine 
opaque central spot bluish tint (Figs. 20, 21, 24a, and 32) 
the otherwise clear spherule. This area increases little extent, 
and the next stage then ushered the appearance around this 
center (Fig. 24b) faint nebulous haze, which becomes more 
opaque and finally seems consist fine radial striation (Fig. 
which extends farther and farther, until reaches the pe- 
the spherule, which now entirely opaque white 
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body. this stage some spherules are uniformly opaque (Fig. 
24d), others show marked radial striation (Fig. 24e). 

The final step the change now occurs with very gradual 
disappearance the spherule, apparently dissolving into the 
surrounding solution. decreases diameter and also thick- 
ness until the remnant, diminished very much size, appears like 
nebulous ghost the former spherule and eventually fades com- 
pletely from view. During the solution the opaque center many 
spherules seems dissolve early (Figs. 24f and 32), converting 
the body into ring. 

those cases where the spherule uniformly opaque (Figs. 
24d and solution very uniform the surface, the contour 
the spherule remaining perfect while the size contracts. Where 
there radial striation, however (Fig. and the periphery 
dissolves unevenly, giving the spherule rough, rather ragged 
surface. 

Coincident with the beginning the process dissolving the 
spherules, crystals occur these areas which formerly were en- 
tirely composed spherules, and which for several months’ dura- 
tion had not shown single crystal. These crystals grow steadily 
both size and number (Figs. 19, 20, 21), while the spherules 
disappear. The passage the material from the spherule into 
solution evidently very transitory, coming out again imme- 
diately deposited the crystal. 

What the interpretation this phenomenon? seems 
that there very evident one, and that this the same process 
very much delayed starting, and very much protracted its 
action, which occurs rapidly ordinary will 
remembered that precipitating calcium carbonate pure 
water first granular, amorphous form, which later re- 
dissolves and comes out solution second time spherules 
and crystals, which grow rapidly, the spherules all being converted 
into crystals during growth. 

Again colloidal solutions the same process happens, but 
delayed somewhat, taking hours days instead minutes. 
such cases area spherules seen one evening after precipita- 
tion, when examined next morning found consist crystals. 
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Apparently some these cases least, Brownian movement 
ceases and the particles grow size, the spherule transformed 
directly into the crystal. 

the degeneration the large spherule seems have 
similar phenomenon that the other cases. The large 
spherules could correspond the amorphous particles the 
aqueous solution, fused into large mass, the redissolving occurring 
very late form the final crystal. There evidently very strong 
directive force toward the formation crystals even the col- 
loids, and though interfered with and hindered them for long 
period, nevertheless conquers. What that initiates the 
change after the deposit has remained stationary for many months 
problematical. There was infection the gelatin, change 
its appearance, any other fact give clue. 

Some slides other series both gelatin and albumen also 
show evidence some change the spherules, which view 
the above facts may expected progress farther. 

far know this remarkable transformation the pre- 
cipitate has never been described before. The further investiga- 
tion this phenomenon outside province and belongs 
the field physics and chemistry, where will provide some very 
interesting problems which hope some competent investigator will 
undertake solve. 

second method disintegration (Fig. has also been ob- 
served lecithin solution, where some large spherules with very 
marked striation lost this striation after the lapse several months 
and became dully opaque. Certain clear radii then appeared along 
which cleavage occurred, splitting the spherule into sectors which 
finally separated, giving triangular crystals. 


Forms ASSUMED PRECIPITATE. 


remarked that slide was possible, after Brown- 
ian movement ceased, obtain only single form deposit. 
There were always two, and many cases several forms occurring, 
and this applies equally pure aqueous and colloidal solutions. 
This multiplicity form the precipitate has also been noted 
Biedermann and due doubtless differences the relative con- 
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centration the reacting salts and the diffusion currents 
different parts the solution. Side side may found area 
crystals and perfect spherules, both forms may seen 
mixed one area. 

passing from the sodium carbonate end cell across the 
precipitate the calcium chloride end there often seen marked 
change shape the deposit, forms present one side the 
line contact the two solutions not being present the other. 
Spherules may occur all the one side, but follow rule 
which they select. Transition forms occur from one area an- 
other. Orde found similar conditions sectioning plugs coag- 
ulated albumen with which had sealed the ends capillary tubes 
containing solutions which gave precipitates the plugs when the 
sealed ends the tubes were immersed certain other solutions. 

The multitude forms exhibited the precipitate calcium 
carbonate the slides seemed remarkable, but referring 
Goldschmidt’s Atlas der Krystallformen,” found illustrations 
for 2,544 modifications the crystal form calcite which have 
already: been observed. Many the changes are slight, but all 
are quite evidently different, and among them may recognized 
all the types crystal form have obtained. Spherules and their 
variations were not shown. 


PART EXAMINATION BONE. 
TECHNIQUE AND MATERIAL. 


The ordinary method examining bone means very thin 
ground sections, sections cut from decalcified bone, are use- 
less give the structure the matrix. method just published 
Bast, however, for the study bone cells situ, without cut- 
ting sections, equally applicable for the examination the matrix 
and was here employed. 

Bast worked with the parietal and ethmoid bones mice and 
young rats, rabbits, cats and dogs, the nasal these ani- 
mals, pieces the ethmoid man, and other bones thin enough 
transparent. These were mounted whole. The specimens 
were fixed per cent. alcohol, washed water, stained for 
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hours more diluted aqueous solution Gentian violet, 
dehydrated alcohol, cleared benzol, and mounted balsam. 

stain the bone cells only, the periosteum was left the 
specimens, and this was later removed dissection under bi- 
nocular microscope while the bones were benzol. this way 
the matrix remained clear, while the periosteum was removed 
previous staining, the matrix stained also. 

This method was used me, but the matrix was the main 
object study, most preparations were not stained, but 
were mounted for observation clear, three different ways: first, 
without fixation, shallow cell filled with normal saline; second, 
shallow cell and third, fixed per cent. alcohol, 
then absolute alcohol, cleared benzol, and mounted balsam. 

cover glass which some the precipitate calcium car- 
bonate was adherent the form both spherules and crystals 
was passed through all the processes necessary staining above 
and mounted balsam. There was change seen the 
precipitate, can inferred that calcium salts the bony 
matrix, this form, would not altered any the processes. 

The specimens bone used were parietal and ethmoida! bones 
and nasal conche the mouse, frontoparietal bones the frog, 
and splinters and thin sections various planes from the femur, 
tibia, humerus, radius, ulna and scapula, frog, mouse, guinea 
pig, dog, and human The frog and mouse were young, 
that their bones were process growth, and there any 
visible difference between new formed and old matrix should 
evident here. Thin pieces the long bones cut with sharp knife 
take areas the total thickness the shaft, show transi- 
tion from the bony shaft the cartilaginous epiphysis, were taken, 
splinters were clipped off long bones, small pieces were crushed, 
and all these were mounted described above. The whole 
concha, scapula parietal, small, was mounted one specimen. 

all cases the periosteum was carefully peeled off and was 
mounted alongside the bone that examination for newly 
formed matrix could also made. 
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RESULTS EXAMINATION BONE. 


Both bright and dark field illumination were employed and 
specimens bone, when thin, were quite transparent and easily 
examined. bone that well formed, whether from adult, 
young individual, foetus, the appearances are similar. The bone 
cells and all their processes the canaliculi are easily followed and 
appear Bast has described them. The matrix round about them 
homogeneous, transparent, and almost glassy appearance, and 
gives indication (Fig. 37) being formed separate parti- 
cles. was originally formed such manner, there Has been 
complete fusion, that there evidence precipitation. 
fact, the whole appearance bears out the statements text-books 
histology that, although two thirds the bony matrix com- 
posed inorganic salts, they are intimately blended with the 
organic material that there visible evidence their presence. 

the case growing long bones, such those the limbs, 
sections were taken across the shaft include the newly formed 
growing periphery just under the periosteum, and also sections 
the length the bone include the end the diaphysis, the 
epiphyseal plate cartilage, and the bony epiphysis. These sec- 
tions, however, were disappointing, even the transitional areas 
any tissue that could identified bony matrix appeared homo- 
geneous, that evidence precipitation could obtained here. 

the case the developing diaphysis the long bones the 
limbs human however, there were definite, discrete 
particles seen. Quain’s Anatomy there fine de- 
scription Schafer the appearances developing bone with 
which findings entirely agree. Just ahead the advancing 
bone the diaphysis area change, where the tissue 
longer cartilage, but not yet true bone. Here find definite 
fibres (Fig. 38) like those white fibrous tissue, and known 
Sharpey’s fibres, extending from the bony material forward into 
the cartilage, and these fibres the narrow area immediately 
advance the true bone are numerous very fine granules which 
appear similar the material the matrix well-formed bone 
and are evidently the bone salts. They are crowded the 
fibres just ahead the actual bone, and the bone itself find 
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the homogeneous appearance due the fusion these discrete 
particles into one mass. Pacchioni has also described the first ap- 
pearance lime salts bone the form fine granules which 
later form homogeneous mass. 

The possible origin these particles either precipitation 
secretion will discussed later. 


PART DISCUSSION RESULTS. 

Concerning some the physical phenomena the precipitation 
reactions studied, remarks have been made appropriate places 
the previous pages describing the work and need not repeated 
here. 

There are few points constantly borne mind con- 
sidering the question ossification, which have been very clearly 
demonstrated Wells. The most important the fact that there 
very definite and fixed ratio between the amount calcium 
carbonate and calcium phosphate deposited bone. The second 
point that this same ratio equally true areas calcification 
tissues other than bone. The third fact that the processes 
ossification and calcification are essentially the same, the kind 
matrix tissue which the deposit occurs differentiating the two 
processes. 


THEORIES REGARDING DEPOSITION CALCIUM SALTs. 


The reactions with calcium phosphate show invariably 
precipitated granular form that were visible bone 
should evident finely divided amorphous form. this 
salt forms over eighty per cent. the inorganic material, ought 
readily demonstrated, but this not the case, because the 
matrix clear and homogeneous, not granular, except the ad- 
vancing edge ossification developing bones. 

has been shown that mixed solutions calcium carbonate 
not prevented, the presence the phosphate, from coming out 
typical spherules crystals, that might expected that 
the carbonate would show one these forms bone, which 
forms fifteen per cent. the salts. This expectation further 
strengthened the fact that typical spherules have been found 
the shells invertebrates, which are mostly calcium carbonate, 
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Rainey and Biedermann. The dentine and enamel the teeth, 
Rainey believed had demonstrated composed spherules, 
forming rows and coalescing. Neither old bone nor new, 
nor transitional area transforming from cartilage bone, have 
seen either single crystal single spherule. 

Previous work has demonstrated that spherules can always 
found calcium carbonate precipitated colloids. This forma- 
tion favored the occurrence the reaction gradually and 
slowly, and also the presence lecithin, which found both 
blood and bone, that all the conditions the matrix the bone 
are favorable the formation spherules precipitation occurs. 
The hydrogen-ion concentration also favorable formation 
large spherules. optimum conditions for their occurrence, 
and with complete absence these bodies, the interpretation 
that the salts found the bony matrix are not deposited 
simple precipitation from double decomposition salts the 
blood the tissue. This purely negative evidence, which, 
course, not the same value positive evidence, but seems 
forms very strong point against the simple precipitation 
theory. 

must noted, however, that calcium carbonate very 
small amount compared the amount phosphate precipitated 
that spherules may not evidence, but the whole precipitate 
will granular, with coarser granules, resembling minute spher- 
ules and interpreted carbonate interspersed among the masses 
finer granules formed the phosphate. must empha- 
sized that homogeneous masses such seen the bony matrix 
never occurred any experiments, but precipitates, mat- 
ter how long they were kept, remained composed distinct dis- 
crete particles. 

Another point against this theory that supposes that 
soluble salt calcium circulates the blood precipitated 
phosphate and carbonate the bone. With the large amount 
sodium carbonate and sodium phosphate the blood, calcium car- 
bonate and phosphate should formed once, here and not 
the bone. But calcium present the blood greater amount 
than calcium carbonate and calcium phosphate are soluble water. 
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And might appear that calcium can not carried the blood 
the form which later deposited the bone. Pauli and 
Samec, however, have shown that difficultly soluble salts like cal- 
cium carbonate may have the amount their solubility water 
increased over seven-fold albuminous solution, and 
possible that the bone salts, formed interaction the blood salts 
and calcium absorbed into the blood calcium chloride, might still 
carried solution the blood and deposited the bone. 

This closely related the views Barillé, whose theory 
step advance this, and strongly supported such work 
that done Wells. According this view the calcium the 
blood the form double salt formed here, tribasic calcium 
carbonophosphate, This soluble 
the blood concentration carbon dioxide. Infiltrating tissues 
like the hony matrix where the carbon dioxide content lowered, 
this precipitated and immediately breaks into calcium car- 
bonate and dicalcium phosphate, which latter salt converted into 
calcium phosphate, giving the final proportion found bone 
parts calcium carbonate parts phosphate. Even this 
method precipitation, however, one might expect able 
see the salts the matrix, and not being able argues 
favor their being combined with the matrix. The most impor- 
tant point brought out this theory clear consistent explana- 
tion supported experimental evidence, the fixed proportion 
the the two calcium, salts, the carbonate and phos- 
phate, which always found their deposition. 

interesting note here the following facts regarding carti- 
lage. Wells has shown that there almost specific power 
cartilage for the absorption calcium salts. work agree- 
ment with this, for cartilage extracts there was obtained the 
least amount precipitation obtained any the experiments, 
thus showing the power the substances cartilage hold 
the calcium. spite this affinity for calcium, however, 
microscopic evidence developing ossification bones preformed 
cartilage shows that the deposition calcium never directly 
cartilaginous matrix, but that the cartilage preceding the bone 
destroyed and replaced the organic bony matrix which 
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fibrous character, and this then has the calcium salts deposited 
it. 

The final possible explanation the deposit bone salts 
the matrix the secretory one. Wells and others have been forced 
the conclusion that there selective specific action tis- 
sues, such cartilage membrane about ossify, which 
calcium salts are absorbed otherwise taken into them, while 
apparently entirely similar areas cartilage and membrane not 
ossify that time any later time. From this view selective 
action not far step that secretory action, explaining 
the ossifying process secretion the calcium salts the bone 
forming cells. already generally admitted that the matrix 
product the bone cells, and this true, quite logical 
assume that the calcium salts are taken the bone cells from 
the blood and passed into the matrix. 

The difficulty this theory has been account for the amount 
phosphate the tissues. The calcium was looked upon 
being derived from that carried the blood, but the phosphate was 
explained being due cellular activities, derived either from 
the nucleus from cellular degeneration. Another difficulty here, 
again, explain the fixed ratio carbonate and phosphate. 
This, course, could looked upon due the carbon dioxide 
content the tissue, due the activity the cell, definite 
proportion being found the secretory products here just 
other organs the body. 

seems me, however, that the nearest approach the truth 
obtained combining two views. The bone salts, be- 
lieve, reach the tissue the soluble double salt, tribasic calcium 
carbonophosphate, which its constitution provides for the tissue 
both calcium carbonate and calcium phosphate, each salt the 
proper proportion found bone. not believe, however, that 
deposit here precipitation, for the bone, owing the col- 
loidal matrix, the hydrogen-ion concentration, and the presence 
lecithin, all conditions are most favorable visible and char- 
acteristic precipitate, showing granules and spherules, but there 
visible evidence whatever these bodies. The only evidence 
favor precipitation consists the following two sets facts: 
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First, Schafer and Pacchioni have described the first appearance 
bone salts developing bone the form minute granules 
which quickly coalesce. This have confirmed. This evidence 
could also interpreted showing the presence the salts 
due secretory activity. Secondly, Olivier tumor the 
breast and Pettit tumor the maxilla and also renal cyst 
saw and made illustrations calcospherites. These bodies can 
explained only precipitation phenomena, but they not afford 
sufficient evidence prove that this the process whereby the 
bone salts are deposited. And these salts, after reaching the 
bone correct proportions the double salt above mentioned, 
must deposited the matrix some more subtle process than 
ordinary precipitation. 

Here have recourse the secretion theory. The bone salts 
their proper proportions having been brought the cell the 
blood, are taken the cell and secreted integral part the 
matrix combination with the ossein, the organic base, which 
generally admitted already, product the cells. This will 
produce matrix uniform appearance, with salts invisible, and 
provides the proper proportion each salt, the cell its turn 
provided with the two salts that exact amount. Histological 
evidence shows that the fibrous matrix appears first the newly 
forming bone and impregnation with the bone salts begins immedi- 
ately, the salts showing fine granules first, and coalescing 
their quantity increases, form homogeneous matrix. 


REVERSIBILITY CALCIUM REACTION. 

There seems evidence that this process secretion 
reversible, the bone cells being able take the calcium salts 
again. Wells and others have shown that calcium removed from 
the bones cases where there great demand for the body, 
pregnancy, where steadily lost the body, for 
instance way pancreatic fistula. Also, the osteoclasts re- 
sponsible for the normal resorption bone are supposed some 
authors only osteoblasts which have changed their function. 
And further, where graft either living dead bone, bone 
plate and bone screws are used repair injury, process known 
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creeping replacement occurs whereby this material gradually 
and replaced new bone. has been shown Gallie 
and Robertson that the osteoblasts which invade the graft, 
gradually absorb the old matrix and bone salts immediately sur- 
rounding them, and then replace this newly formed substance. 

the bone salts were laid down precipitation tribasic 
calcium carbonophosphate due change the carbon dioxide 
content, seems would impossible for this precipitate 
removed again easily Wells states is, response 
the body’s need for calcium. Would pregnancy pancreatic 
fistula change the carbon dioxide content the bone, make 
possible reversal the conditions that brought about the pre- 
cipitation, and either provide for increased solubility the two 
salts else make possible the recombination the carbonate and 
phosphate calcium into the double salt, with its consequent solu- 
tion and carrying off the blood? 

seems that the carbon dioxide content the bone will 
not vary enough permit such reversal, raise would 
indicate high activity tissue whose metabolism low. This 
low-grade activity given reason for obtaining the precipitate. 

The taking the calcium salts out the bone probably depends 
some balance that has maintained between the blood, the 
osteoblast, and the bony matrix. the blood rich calcium, 
the cell can take and pass into the matrix. the blood 
poor calcium, the cell maintain its relation balance the 
blood takes from the matrix add the blood. This 
instance comparable the relations between the blood and its 
dextrose, and the liver cell and its stored glycogen, maintain 
certain carbohydrate balance. 

This view also follows logically upon that Wells, who regards 
the bony matrix great reserve store alkaline bases for the 
body, where the calcium salts are state flux, being constantly 
added drawn upon according the needs the body. 
Changes the bones are much greater extent and more rapid 
their occurrence than generally believed. seems that 
this idea the reversibility the direction which calcium salts 
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pass through the tissues most valuable one for the proper com- 
prehension some the processes growth, repair fractures, 
and changes going rarefaction bony tissues. 


SUMMARY. 


Calcium phosphate precipitated water colloidal solu- 
tions constantly granular and amorphous character, and 
apparently uninfluenced the nature the solution. 

Calcium carbonate precipitated water shows great di- 
versity crystalline form; colloidal solutions shows two main 
forms, irregular crystalline one and spherical. 

Mixtures simultaneous precipitation both salts the 
same solution show each salt separating out independently and the 
part the deposit formed each can easily identified. 

Spherule formation calcium carbonate typical reaction 
colloidal solutions. 

Spherules and crystals are influenced shape, size, number, 
and internal structure variety substances found normally 
pathologically the blood, most notably lecithin which favors 
the formation large spherules, and acetone which increases 
the rapidity and extent precipitation. 

The character the deposit calcium carbonate influenced 
the hydrogen-ion concentration the colloidal solution, being 
most crystalline acid media, all the form spherules 
strongly alkaline media, and mixed form solutions neutral 
nearly neutral. 

Large spherules, after persisting for months may undergo 
sort degenerative process, with change internal structure, 
after which they dissolve and the material forming them laid 
down crystalline form. far know this phenomenon 
has never been previously described. 

fresh bone various animals examined various ways 
there visible microscopic evidence the bone salts, although 
they form two thirds the mass the matrix. The inference 
that the bone salts are not deposited the matrix simple 
for the conditions are such that, precipitated, 
granules, spherules, and crystals should visible. 
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the rapidly developing skeleton the first appearance 
bone the matrix the form fine granules globules 
which quickly fuse coalesce form homogeneous mass. This 
might interpreted according the bias the observer sup- 
porting evidence either precipitation secretion the salts 
into the matrix. 

‘10. The view advanced Barillé and supported Wells’s 
work, that calcium carried the blood tribasic calcium car- 
bonophosphate, probably correct, furnishes the bone salts 
the proper proportion, but their view its deposit the matrix 
precipitate due change concentration carbon dioxide 
does not appear correct view the fact that precipitate 
the bone salts visible. 

11. The theory that the salts furnished the blood are taken 
the bone cells and secreted them along with the matrix seems 
reasonable view the condition found the matrix. 

12. The action the osteoblasts seems reversible, they 
being able absorb take the calcium salts again out the 
matrix. 

coneluding this paper wish acknowledge indebtedness 
others thanking Professor Playfair McMurrich for special 
apparatus and for valuable references, also the following for pro- 
viding material for investigation: Professor Piersol, Dr. 
Defries, Dr. Banting, Dr. Simpson, Dr. Dafoe, and Dr. Low. 
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EXPLANATION PLATES. 


PLATE 


All figures are from camera lucida tracings and are equal magnification, 
200, that the relative size precipitated particles each case can 
compared. Only forms which were common, and appeared quantity have 
been shown. 

All illustrations are show forms assumed calcium carbonate precipi- 
tated from various solutions the reagents listed below. 

Fic. Crystals carbonate precipitated sodium carbonate 
distilled water. 

Fic. Crystals calcium carbonate precipitated ammonium carbonate 
distilled water. 

Fic. Crystals calcium carbonate precipitated potassium carbonate 
distilled water. 

Fic. Deposit calcium carbonate precipitated sodium carbonate 
distilled water containing per cent, lecithin. Note small spherules, and 
small crystals, tendency towards clumping, very large spherule and large 
rosette. 

Fic. Deposit calcium carbonate precipitated ammonium carbonate 
distilled water containing 0.1 per cent. Spherules various sizes, 
marked tendency fusion, and formation large irregular masses are 
noted. 

Fic. Deposit calcium carbonate precipitated potassium carbonate 
distilled water containing per cent. lecithin. Note tendency clump- 
ing, various sizes spherules with some double forms. The last three forms 
indicate one process disintegration spherule, the occurrence radial 
lines along which splits into sectors, which thus become triangular crystals. 

Fic. Deposit calcium carbonate precipitated sodium carbonate 
solution egg albumen. Practically the whole precipitate was form 
spherules. 

Fic. Deposit calcium carbonate precipitated ammonium carbonate 
solution egg albumen. Spherules varying size are seen, also some crys- 
tals. 

Fic. Deposit calcium carbonate precipitated potassium carbonate 
solution egg albumen. Many spherules are seen, and tendency to- 
wards fusion noted. 

Fic. 10. Deposit calcium carbonate precipitated sodium carbonate 
solution egg albumen containing 0.1 per cent. lecithin. Note the markedly 
increased size spherules and crystals and the tendency fusion. 

calcium carbonate precipitated ammonium carbonate 
solution egg albumen containing 0.1 per cent. lecithin. Note the in- 
creased size particles, and their tendency fuse. 

Fic. 12. Deposit calcium carbonate precipitated potassium carbonate 
solution egg albumen containing per cent. acetone. Crystals and 
spherules both occur. One crystal seen fused with spherule. 

Fic. 13. Deposit calcium carbonate interaction calcium chloride 
per cent, gelatin solution with sodium carbonate per cent. gelatin. 
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Fields are shown various sized spherules, crystals, and spherules and 
crystals mixed. 


Fic. 14. Deposit calcium carbonate interaction calcium chloride 
per cent. gelatin solution with ammonium carbonate per cent. gelatin 


solution. Spherules various sizes are seen. 

Fic. 15. Deposit carbonate interaction calcium chloride 
per cent. gelatin solution containing 0.1 per cent. lecithin, with am- 
monium carbonate per cent. gelatin solution containing per cent. 
lecithin. Note the increase size the spherules over those shown Fig. 
14. Three different degrees fusion are illustrated the double forms. 

Fic. 16. Deposit calcium carbonate precipitated sodium carbonate 
per cent. solution untreated gelatin. 

Fic. Deposit calcium carbonate precipitated sodium carbonate 
per cent, solution gelatin previously treated with solution. 
Large crystalline precipitate. 

Fic. calcium carbonate precipitated sodium carbonate 
per cent. solution gelatin previously treated with HCl solution. 
Large, markedly crystalline deposit. 

Fic. 19. Deposit carbonate precipitated sodium carbonate 
per cent. solution gelatin previously treated with solution. 
The field shown this figure was composed for some months altogether 
clear spherules and few dumb-bells. The spherules here illustrated are now 
undergoing disintegration and their place are appearing large crystals. 
Some debris seen one corner. One spherule seen partly from the side, 
showing its true shape disc. 

Fic. 20. Deposit calcium carbonate precipitated sodium carbonate ‘in 
per cent. solution gelatin previously treated with solution. 
Disintegrating spherules and new crystals are seen. 

Fic. Deposit calcium carbonate precipitated sodium carbonate 
per cent. solution gelatin previously treated with M/8192 NaOH solu- 
tion. Newly formed crystals and various stages disintegrating spherules 
are shown. 

Fic. 22. Deposit calcium carbonate precipitated sodium carbonate 
per cent. solution gelatin previously treated with M/4096 NaOH 
solution. 

Fic. 23. Deposit calcium carbonate precipitated sodium carbonate 
per cent. solution gelatin previously treated with M/2048 NaOH solu- 
tion. Precipitate all the form small spherules which have been 
constant Brownian movement for six months. 

Fic. series spherules showing various stages the disintegrative 
changes which occur before they redissolve. Spherule with small central 
opaque area. Spherule with opaque radial striation extending from central 
spot. Spherule with further extension opaque area. Spherule almost 
completely opaque. Narrow, bright, clear periphery. striated 
right out periphery. Spherule like that dissolving both periphery 
and center regular manner. Spherule like that dissolving 
irregular rate the periphery. Remains dissolving and 
debris some that have fallen apart. 
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PLATE 
Photomicrographs all taken standard magnification, 200, with dark 
field condenser use. 


Fic. 25. Crystals calcium carbonate precipitated ammonium carbonate 
water. 

Fic. 26. Calcium carbonate precipitated sodium carbonate solution 
egg albumen containing sodium chloride. 

Fic. 27. Calcium carbonate precipitated potassium carbonate water 
containing 0.1 per cent. lecithin. Note one double spherule and three large 
single spherules which the two larger show indications the radial divi- 
sions which will result splitting the spherule into crystals triangular out- 
line. Many small crystals and spherules seen. 

Fic. 28. Calcium carbonate precipitated ammonium carbonate water 
containing 0.1 per cent. lecithin. 

Fic, 29. Calcium carbonate precipitated potassium carbonate solu- 
tion egg albumen containing per cent. ethyl alcohol. 

Fic. 30. Calcium carbonate precipitated potassium carbonate solu- 
tion egg albumen containing 0.05 per cent. urea. 

Fic. 31. Calcium carbonate precipitated sodium carbonate per 
cent. solution gelatin previously treated with 1/1024 solution. Clear 
spherules, some seen from side appearing disc-like. 

Fic. 32. Calcium carbonate precipitated sodium carbonate per 
cent. solution gelatin previously treated with 1/2048 solution. Some 
crystals are present. Spherules begin show opaque central dot, the first 
indication coming disintegration. 

Fic. 33. Calcium carbonate precipitated sodium carbonate per 
cent. solution gelatin previously treated with solution. This 
field was formerly all spherules, now some crystals are seen. Spherules are 
far advanced disintegrative process, are completely opaque, and are 
ing, some appearing only ghosts their former selves. 

Fic. 34. Calcium carbonate precipitated ammonium carbonate per 
cent. gelatin solution containing 0.05 per cent. urea. Rings and striations seen 
spherules. 

Fic. 35. Calcium carbonate precipitated sodium carbonate per 
cent. gelatin solution containing 0.05 per cent. urea. Field very small 
mixed crystals and spherules. 


Fic. 36. Combined precipitate calcium phosphate and calcium carbonate 
action sodium phosphate and sodium carbonate blood serum. 
The calcium carbonate shows seven spherules. The calcium phosphate 


shows cloud very fine amorphous granules, which the form which 
precipitated all experiments. 
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PLATE 


Fic. 37. Photomicrograph small piece bone from the growing fe- 
mur mouse. The bone cells show small, oval, opaque bodies the 
specimen. discrete particles can seen the matrix. Magnification, 
200, 

38. Outline sketch made with camera lucida, the growing bony end 
the diaphysis the humerus six months human foetus. Four zones 
can distinguished. fully formed bone spicules (shown solid black, 
marrow spaces white, bone and marrow cells not indicated) with calcium salts 
fused. osteogenic fibres, impregnated with calcium salts form minute 
granules. newly forming osteogenic fibres, not yet impregnated with bone 
salts, and cartilage showing changes preparatory bone formation. un- 
altered cartilage. Magnification, 300, 
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